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(57) ABSTRACT

In a method for manufacturing a multilayer ceramic elec-
tronic device, a multilayer ceramic element assembly includ-
ing laminated unsintered ceramic base material layers, a first
conductor pattern, a seat portion disposed in a surface of the
multilayer ceramic element assembly and arranged to mount
a surface mount electronic device thereon, a second conduc-
tor pattern connected to the surface mount electronic device,
and a resin introduction portion located outside a vertically
projected region of the surface mount electronic device and
arranged to introduce a resin to the seat portion is prepared.
The multilayer ceramic element assembly is fired and the
surface mount electronic device is mounted on the seat por-
tion of the fired multilayer ceramic element assembly with the
second conductor pattern therebetween. The resin is filled
from the resin introduction portion into the seat portion and
between the seat portion and the surface mount electronic
device and is cured.

4 Claims, 15 Drawing Sheets
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1
MULTILAYER CERAMIC ELECTRONIC
DEVICE AND METHOD FOR
MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an electronic device and a
method for manufacturing the same. In particular, the present
invention relates to a multilayer ceramic electronic device in
which a surface mount electronic device is mounted on a
multilayer ceramic element assembly and a method for manu-
facturing the same.

2. Description of the Related Art

In recent years, performance of electronic devices in the
electronics field has improved significantly and contributed to
increased information processing speeds, miniaturization of
apparatuses, and expansion in functionality of information
processing apparatuses, e.g., large-scale computers, mobile
communication terminals, and personal computers.

A multi-chip module (MCM) in which a plurality of semi-
conductor devices, e.g., very large scale integrations (VLSIs)
and ultra large scale integrations (ULSIs), are mounted on a
ceramic substrate has been used for such electronic devices.
In such a module, a ceramic multilayer substrate, in which
wiring conductors are three-dimensionally arranged, is com-
monly used to increase the packaging density of LSIs and to
reliably electrically connect large scale integrations (LSIs).

This ceramic multilayer substrate is formed by laminating
a plurality of ceramic layers and is provided with wiring
conductors defining circuits on the surface of or inside the
ceramic multilayer substrate. Regarding mobile communica-
tion terminals, such as cellular phones, automobile radio
communication apparatuses, demands for high-performance,
high-density mounting have increased and further miniatur-
ization have been required. Furthermore, demands for
improved impact resistance of products including ceramic
multilayer substrates have been increasing.

As shown in FIG. 18, a method for mounting a semicon-
ductor device on a substrate has been disclosed in which
solder balls (bumps) 54 provided on a semiconductor element
53 are fusion-bonded to an electrically conductive pattern 52
formed on a substrate 51 using via electrodes, printed elec-
trodes, and other suitable conductive elements, and, in addi-
tion, a thermosetting resin 55 that functions as an impact
relaxation layer is filled between the substrate 51 and the
semiconductor element 53, for the purpose of improving the
impact resistance (see, for example, Japanese Unexamined
Utility Model Registration Application Publication No.
4-99834).

The mounting method and the mounting structure improve
the impact resistance of the ceramic multilayer substrate, and
improve the impact resistance of products including ceramic
multilayer substrates. However, when adaptation of such a
mounting structure is intended, a further reduction in the area
of an electrically conductive pattern, that is, a surface elec-
trode, is necessary in order to miniaturize a product.

If the area of the surface electrode that provides the elec-
trical conductivity is reduced, the diameter of the solder ball
must be decreased, the distance between the substrate 51 and
the semiconductor element 53 decreases, the thickness of the
thermosetting resin (impact relaxation layer) 55 filled
between the substrate 51 and the semiconductor element 53
decreases, and the impact resistance becomes insufficient
with respect to a ceramic multilayer substrate provided with
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the mounting structure disclosed in Japanese Unexamined
Utility Model Registration Application Publication No.
4-99834.

As shown in FIG. 19, a mounting structure (semiconductor
apparatus) has been disclosed, in which, electrodes 62 pro-
vided on a back surface of a semiconductor element 61 are
mounted on a multilayer circuit board 64 having a plurality of
protruding electrodes 63 with top portions made of an elec-
trically conductive adhesive and adjusted to be substantially
flush with each other, the electrodes 62 of the semiconductor
element 61 and the top portions of the protruding electrodes
63 are electrically connected, and a shrinkable insulating
resin layer 65 is filled in a gap between the semiconductor
element 61 and the multilayer circuit board 64 (see, for
example, Japanese Unexamined Patent Application Publica-
tion No. 11-26631).

Moreover, it is believed that with the mounting structure
disclosed in Japanese Unexamined Patent Application Publi-
cation No. 11-26631, the semiconductor element 61 can be
mounted on the multilayer circuit board 64 with high reliabil-
ity without requiring the multilayer circuit board 64 to be
extremely flat.

However, there are limits to the amount that the diameter of
the protruding electrode (columnar electrode) 63 can be
reduced, the amount the aspect ratio, i.e. a ratio of the height
to the diameter (height/diameter) of the protruding electrode
(columnar electrode) 63 can be improved, and the amount the
distance between adjacent protruded electrodes (columnar
electrodes) 63 can be reduced. Therefore, it is difficult to
satisfactorily meet the demands for protruding electrodes
(columnar electrodes) 63 having smaller diameters and high
aspect ratios.

Furthermore, with the mounting structure disclosed in
Japanese Unexamined Patent Application Publication No.
11-26631, it is necessary to arrange the resin between the
semiconductor element 61 and the multilayer circuit board 64
by injection after the semiconductor element 61 is mounted.
However, the resin leaks from a lower region of the semicon-
ductor element 61 to the surrounding region because of the
viscosity of the resin and the state of leakage fluctuates.
Therefore, when mounting the surface mount electronic
devices other than the semiconductor element 61 on regions
surrounding the semiconductor element 61, regions close to
the region on which the semiconductor element 61 has been
mounted cannot be effectively used as mounting spaces. Con-
sequently, there is a problem in that high-density mounting of
surface mount electronic devices is prevented.

SUMMARY OF THE INVENTION

To overcome the problems described above, preferred
embodiments of the present invention provide a method for
manufacturing a multilayer ceramic electronic device,
wherein leakage of an underfill resin arranged to fix a surface
mount electronic device does not occur and high-density,
high-accuracy mounting of a device is provided, and a highly
reliable multilayer ceramic electronic device which is pro-
duced by the above-described manufacturing method and
which has outstanding impact resistance and improved min-
iaturization.

A method for manufacturing a multilayer ceramic elec-
tronic device according to a preferred embodiment of the
present invention in which a surface mount electronic device
is mounted on a first principal surface of a multilayer ceramic
element assembly, the method includes the steps of preparing
an unfired seat-portion-equipped multilayer ceramic element
assembly provided with an unfired multilayer ceramic ele-
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ment assembly in which unsintered ceramic base material
layers are laminated and a predetermined first conductor pat-
tern is disposed, and a seat portion arranged to mount the
above-described surface mount electronic device, the seat
portion being arranged in at least a portion of the first princi-
pal surface of the multilayer ceramic element assembly,
including a non-metallic inorganic powder as a primary com-
ponent, having a second conductor pattern connected to the
surface mount electronic device, and a resin introduction
portion located outside a vertically projected region of the
surface mount electronic device, firing the unfired seat-por-
tion-equipped multilayer ceramic element assembly, mount-
ing the surface mount electronic device on the seat portion of
the fired seat-portion-equipped multilayer ceramic element
assembly with the second conductor pattern disposed ther-
ebetween, and filling a resin from the resin introduction por-
tion into the seat portion including the non-metallic inorganic
powder as the primary component and between the seat por-
tion and the surface mount electronic device, and curing the
resin.

The seat portion including the non-metallic inorganic pow-
der as the primary component is preferably made of a porous
ceramic compact.

The unsintered ceramic base material layers and shrinkage
restriction layers arranged to restrict shrinkage of the unsin-
tered ceramic base material layers in a direction substantially
perpendicular to a thickness direction are preferably lami-
nated so as to define the unfired multilayer ceramic element
assembly.

The seat portion is preferably provided with via hole con-
ductors defining the second conductor pattern while one end
surface of each via hole conductor is preferably exposed at the
surface of the seat portion, and the surface mount electronic
device is mounted on the one end surface of each via hole
conductor exposed at the surface with an electrically conduc-
tive joining member disposed therebetween.

The second conductor pattern of the seat portion preferably
connects the surface mount electronic device mounted on the
seat portion and the first conductor pattern of the multilayer
ceramic element assembly.

The surface mount electronic device is preferably a semi-
conductor element.

When a plurality of surface mount electronic devices are
mounted on the seat portion, a resin introduction portion
common to the individual surface mount electronic devices is
preferably disposed on the seat portion, the resin is preferably
filled from the common resin introduction portion so as to fill
the resin into the seat portion and between the seat portion and
the plurality of surface mount electronic devices.

Surface mount electronic devices other than the above-
described surface mount electronic device mounted on the
seat portion are mounted on regions, in which the seat portion
is not disposed, of the first principal surface of the multilayer
ceramic element assembly.

An unfired multilayer ceramic element assembly having a
structure in which the shrinkage restriction layer is disposed
on the first principal surface side is formed as the unfired
multilayer ceramic element assembly.

A region other than the resin introduction portion in the
seat portion is preferably located inside the vertically pro-
jected region of the surface mount electronic device mounted
on the seat portion.

The thickness of the seat portion is preferably about 15 pm
to about 150 um, for example.

The unsintered ceramic base material layer is preferably an
unsintered ceramic base material layer including a low-tem-
perature-sinterable ceramic as a primary component and the
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shrinkage restriction layer includes a hard-to-sinter ceramic,
which is not substantially sintered at a sintering temperature
of'the low-temperature-sinterable ceramic, as a primary com-
ponent.

The non-metallic inorganic powder defining the seat por-
tion is preferably a ceramic powder which is not substantially
sintered at a sintering temperature of the ceramic defining the
unsintered ceramic base material layer.

A multilayer ceramic electronic device according to
another preferred embodiment of the present invention
includes a surface mount electronic device mounted on a first
principal surface of a multilayer ceramic element assembly,
the multilayer ceramic electronic device including a multi-
layer ceramic element assembly including laminated ceramic
base material layers and a predetermined first conductor pat-
tern, a seat portion arranged to mount the surface mount
electronic device, the seat portion being disposed in at least a
portion of the first principal surface of the multilayer ceramic
element assembly, including a non-metallic inorganic powder
as a primary component, having a second conductor pattern
connected to the surface mount electronic device, and having
a resin introduction portion located outside a vertically pro-
jected region of the surface mount electronic device, and the
surface mount electronic device mounted on the seat portion
with the second conductor pattern disposed therebetween,
wherein a resin is filled in at least the seat portion including
the non-metallic inorganic powder as the primary component.

Resins having substantially the same composition are pref-
erably filled in the seat portion including the non-metallic
inorganic powder as a primary component and between the
seat portion and the surface mount electronic device, the
resins preferably being filled through the resin introduction
portion.

The surface mount electronic device is preferably electri-
cally connected to the first conductor pattern of the multilayer
ceramic element assembly with the second conductor pattern
of the seat portion arranged therebetween.

Inthe method for manufacturing a multilayer ceramic elec-
tronic device according to preferred embodiments of the
present invention, the unfired seat-portion-equipped multi-
layer ceramic element assembly provided with the unfired
multilayer ceramic element assembly, in which the unsin-
tered ceramic base material layers are laminated and the
predetermined first conductor pattern is disposed, and the seat
portion, which is disposed in at least a portion of the first
principal surface of the multilayer ceramic element assembly,
which includes the non-metallic inorganic powder as the pri-
mary component, which has the second conductor pattern
connected to the surface mount electronic device, and which
has the resin introduction portion located outside the verti-
cally projected region of the surface mount electronic device,
is formed. After firing, the surface mount electronic device is
mounted on the seat portion, and the resin is filled from the
resin introduction portion into the seat portion and between
the seat portion and the surface mount electronic device.
Consequently, the seat portion has a structure in which an
aggregate of the non-metallic inorganic powder is impreg-
nated with the resin. Therefore, the seat portion can be reli-
ably adhered to the first principal surface of the multilayer
ceramic element assembly, such that a multilayer ceramic
electronic device including the seat portion having high
mechanical strength and exhibiting excellent bonding
strength with respect to the multilayer ceramic element
assembly is produced.

Since the seat portion includes the resin introduction por-
tion located outside the vertically projected region of the
surface mount electronic device, the resin can be easily and
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reliably filled in the seat portion. More particularly, gaps in
the non-metallic inorganic powder defining the seat portion,
and gaps between the seat portion and the surface mount
electronic device are reliably filled via the capillary effect.

Furthermore, the resin filled through the resin introduction
portion is reliably maintained in the seat portion and the gaps
between the seat portion and the surface mount electronic
device. Therefore, the resin does not leak from the seat por-
tion to the surroundings, so that an adverse effect due to
leakage of the resin is prevented from occurring in the sur-
rounding regions.

By preventing leakage of the resin from the region in which
the seat portion is disposed to the surrounding regions or to
the regions adjacent to the region occupied by the surface
mount electronic device mounted on the seat portion, dis-
tances between the seat portion and other surface mount
electronic devices disposed in the regions surrounding the
seat portion can be reduced, and other surface mount elec-
tronic devices can be mounted more densely in the surround-
ings of the surface mount electronic device mounted on the
seat portion, so that high-density, high-accuracy mounting
form can be achieved.

Moreover, the resin filled between the surface mount elec-
tronic device and the seat portion functions as a bonding layer
to bond the surface mount electronic device and the seat
portion, and, in addition, functions as an impact absorption
layer. Therefore, the impact resistance can be improved while
the surface mount electronic device is fixed to the seat portion
reliably.

Therefore, a highly reliable multilayer ceramic electronic
device can be effectively produced, wherein leakage of an
underfill resin provided to fix a surface mount electronic
device does not occur and high-density, high-accuracy
mounting of a surface mount electronic device is achieved.

In preferred embodiments of the present invention, for
example, transistor, ICs, and LSIs are discussed as examples
of the surface mount electronic device mounted on the seat
portion. However, the structure of the multilayer ceramic
electronic device according to preferred embodiments of the
present invention is suitable for a mounting structure of a
surface mount electronic device including a plurality of nar-
row-gap 1/O terminals at a high density in substantially the
same plane and, therefore, is particularly useful in an arrange-
ment in which BGA (Ball Grid Array) connection type large-
scale semiconductor elements, e.g., ICs and LSIs, are
mounted in the state of bare chips.

Even when a configuration does not include the resin intro-
duction portion which is provided on the seat portion, by
designing the form of resin supply, the resin can be filled into
the seat portion while leakage of the resin to the surroundings
of the seat portion is prevented. However, according to pre-
ferred embodiments of the present invention, as described
above, the resin can be filled in the seat portion and between
the seat portion and the surface mount electronic device while
leakage of the resin to the surroundings of the seat portion is
prevented merely by supplying the resin to the resin introduc-
tion portion located outside the vertically projected region of
the surface mount electronic device. Therefore, preferred
embodiments of the present invention are useful from the
viewpoint of simplitfying production equipment, simplifying
production steps, facilitating mounting of surface mount elec-
tronic devices.

When the seat portion including the non-metallic powder
as the primary component is formed from the porous ceramic
compact, the resin selectively penetrates and infiltrates into
the porous seat portion 11 and between the semiconductor
element and the seat portion 11 through capillary effect, and,
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therefore, leakage of the resin filled from the resin introduc-
tion portion to the outside of the seat portion is effectively
prevented.

When the unfired multilayer ceramic element assembly has
a structure in which the unsintered ceramic base material
layers and the shrinkage restriction layers are laminated,
shrinkage in a direction substantially perpendicular to a lami-
nation direction in a firing step is prevented, so that a multi-
layer ceramic electronic device having outstanding dimen-
sional accuracy and high reliability can be obtained.

The second conductor pattern of the seat portion is prefer-
ably defined by via hole conductors while one end surface of
each via hole conductor is exposed at the surface of the seat
portion, and the surface mount electronic device is mounted
on the one end surface of each via hole conductor exposed at
the surface with an electrically conductive joining member
therebetween, such that the reliability in connection and the
fixing of the surface mount electronic device to the seat por-
tion are improved.

That is, the surface mount electronic device is bonded to
the one end surface of the via hole conductor disposed such
that the one end surface is exposed at the surface of the seat
portion with an electrically conductive joining member, e.g.,
solder, therebetween. Therefore, the surface mount electronic
device can be reliably bonded to the multilayer ceramic ele-
ment assembly with the seat portion disposed therebetween,
so that excellent impact resistance can be achieved as com-
pared to an arrangement in which a surface mount electronic
device and a thin-film shaped electrode of a substrate are
directly electrically bonded as in the related art. Conse-
quently, even if an impact is applied to the multilayer ceramic
element assembly, the seat portion suppresses transfer of the
impact to the bonding portion of the surface mount electronic
device and the electrically conductive jointing member, so
that a connection structure of the surface mount electronic
device can be obtained, wherein the reliability of the connec-
tion is improved.

When the second conductor pattern of the seat portion
connects the surface mount electronic device and the first
conductor pattern of the multilayer ceramic element assem-
bly, mechanical connection and electrical connection of the
surface mount electronic device can be performed at the same
time, so that miniaturization of a product and simplification of
a configuration are achieved.

When the semiconductor element is mounted on the seat
portion in the arrangement of preferred embodiments of the
present invention, the multilayer ceramic electronic device is
suitable for bare chip mounting of a BGA connection type
semiconductor element including a plurality of narrow-gap
1/O terminals at a high density in substantially the same plane.
Therefore, when BGA connection type large-scale semicon-
ductor elements, e.g., ICs and LSIs, are mounted as bare
chips, high-density, high-accuracy mounting can be per-
formed.

When the plurality of surface mount electronic devices are
mounted on the seat portion, the plurality of surface mount
electronic devices can be efficiently mounted and fixed to the
seat portion by providing the resin introduction portion com-
mon to the individual surface mount electronic devices on the
seat portion and filling the resin from the common resin
introduction portion.

When other surface mount electronic devices are mounted
on regions of the first principal surface of the multilayer
ceramic element assembly in which the seat portion is not
disposed, a small, high-performance multilayer ceramic elec-
tronic device in which the mounting density of devices is
increased can be efficiently produced.
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The types of surface mount electronic devices mounted on
the regions, in which the seat portion is not disposed, are not
specifically limited. Examples thereof include passive ele-
ments, e.g., a chip capacitor, a chip resistance, a chip ther-
mistor, and a chip inductor, having a number of I/O terminals
that is smaller than that of the surface mount electronic device
disposed on the seat portion.

When an unfired multilayer ceramic element assembly
including shrinkage restriction layer disposed on the first
principal surface side is formed as the unfired multilayer
ceramic element assembly, it is possible to reliably prevent
shrinkage of the multilayer ceramic element assembly in a
direction substantially perpendicular to the thickness direc-
tion of the shrinkage restriction layer in the firing step and to
obtain a multilayer ceramic element assembly having a rela-
tively large mechanical strength. Consequently, a multilayer
ceramic electronic device having outstanding dimensional
accuracy and high reliability can be efficiently produced.

That is, when the shrinkage restriction layer is also dis-
posed on the first principal surface, a compressive stress due
to the ceramic layer occurs with respect to the shrinkage
restriction layer. In contrast, a tensile stress for the purpose of
shrinkage compensation due to the shrinkage restriction layer
occurs with respect to the ceramic layer. In general, the
strength of the ceramic substrate in the state in which a com-
pressive stress is applied to the surface increases. Therefore,
it is preferable that the shrinkage restriction layer is also
disposed on the side of the first principal surface so as to
improve the strength of the multilayer ceramic element
assembly.

When a region other than the resin introduction portion in
the seat portion is located inside the vertically projected
region of the surface mount electronic device mounted on the
seat portion, a region on which other surface mount electronic
devices can be mounted is enlarged. Consequently, a small,
high-density, high-reliability multilayer ceramic electronic
device can be obtained, in which more surface mount elec-
tronic devices can be mounted.

When the thickness of the seat portion is specified to be
within the range of about 15 pm to about 150 um, a highly
reliable multilayer ceramic electronic device that has out-
standing impact resistance, that can be miniaturized, and that
has outstanding dimensional accuracy can be obtained while
not increasing the height of the product.

If'the thickness of the seat portion is less than about 15 pm,
an impact tends to be concentrated on the bonding portion
between the seat portion and the ceramic element assembly, a
breakage suppressing effect due to an impact is reduced, and
the impact resistance becomes insufficient. If the thickness of
the seat portion exceeds about 150 pm, it is difficult to suffi-
ciently fill the resin into the seat portion. Therefore, it is
preferable that the thickness of the seat portion is in the range
of'about 15 pm to about 150 um.

When the unsintered ceramic base material layer is made
of an unsintered ceramic base material layer including low-
temperature-sinterable ceramic as a primary component and
the shrinkage restriction layer is made of a shrinkage restric-
tion layer including hard-to-sinter ceramic, which is substan-
tially not sintered at a sintering temperature of the low-tem-
perature-sinterable ceramic, firing can be reliably performed
at arelatively low temperature without causing shrinkage in a
direction substantially perpendicular to the thickness direc-
tion of the unsintered ceramic base material layer. Therefore,
a highly reliable multilayer ceramic electronic device having
outstanding dimensional accuracy and desired characteristics
can be obtained while reducing the production costs.
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When the seat portion and the multilayer ceramic element
assembly can be fired at the same time by using a ceramic
powder which is not substantially sintered at a sintering tem-
perature of the ceramic defining the ceramic base material
layer as the non-metallic inorganic powder defining the seat
portion, distortion and deviation in the location of the mount-
ing region caused by differences in the firing shrinkage
behavior can be suppressed. Furthermore, gaps are provided
in the aggregate of the ceramic powder substantially not fired
in the firing step to the extent that the aggregate does not
collapse. Therefore, the resin can easily penetrate therein.

A multilayer ceramic electronic device according to pre-
ferred embodiments of the present invention includes a mul-
tilayer ceramic element assembly having a predetermined
first conductor pattern, a seat portion arranged to mount the
surface mount electronic device, the seat portion being dis-
posed in at least a portion of the first principal surface of the
multilayer ceramic element assembly, having a second con-
ductor pattern, including the resin introduction portion
located outside the vertically projected region of the surface
mount electronic device, and including a non-metallic inor-
ganic powder as a primary component, and the surface mount
electronic device mounted on the seat portion with the above-
described second conductor pattern therebetween, wherein
the resin is filled in at least the seat portion. Therefore, the seat
portion on which the surface mount electronic device is
mounted is firmly fixed to the multilayer ceramic element
assembly with the resin.

Since the resin introduction portion located outside the
vertically projected region of the surface mount electronic
device is provided, the resin can be easily and reliably filled
between the non-metallic inorganic powder defining the seat
portion while leakage of the resin to the surroundings of the
seat portion is prevented by filling the resin from above.

Since leakage of the resin does not occur and surface mount
electronic devices can also be mounted in the surroundings of
the seat portion at a high density, high accuracy mounting is
achieved.

Consequently, a highly reliable multilayer ceramic elec-
tronic device having outstanding impact resistance and that
can be miniaturized is provided.

Examples of the configuration of the seat portion having a
structure in which the resin is filled and is adhered to the first
principal surface of the multilayer ceramic element assembly
with at least the resin preferably include a seat portion
adhered to the first principal surface of the multilayer ceramic
element assembly with at least a resin by impregnating an
aggregate of the ceramic powder which is a non-metallic
inorganic powder, that is, a porous ceramic compact, with the
resin and conducting curing. The aggregate is prepared by
heat-treating the unfired ceramic compact disposed on the
first principal surface of the multilayer ceramic element
assembly so as to volatilize a binder component included in a
sheet and sinter a portion of the sheet or cause the portion of
the sheet to be in a porous state in which the sheet is substan-
tially not sintered but a predetermined shape is maintained.

Preferably, substantially the same resin that is filled into the
seat portion is also used as an underfill resin that is filled into
the gap between the surface mount electronic device and the
seat portion. Alternatively, a different type of resin from the
type of resin filled into the seat portion can also be filled as the
underfill resin. When the same resin as that filled into the seat
portion is filled as an underfill resin, filling of the resin into the
seat portion and the gap between the surface mount electronic
device and the seat portion can be performed in a single
operation by supplying a total amount of the resin required for
filling the seat portion and the resin required for filling the gap
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between the surface mount electronic device and the seat
portion from the resin introduction portion of the seat portion.

When resins having the same composition are filled in the
seat portion including the non-metallic inorganic powder as a
primary component and between the seat portion and the
surface mount electronic device, the resins being filled
through the resin introduction portion, it is possible to form a
resin layer having a high affinity for the resin defining the seat
portion between the surface mount electronic device and the
seat portion, and a multilayer ceramic electronic device hav-
ing outstanding impact resistance and reliability can be pro-
vided.

With a configuration in which the surface mount electronic
device is electrically connected to the first conductor pattern
of the multilayer ceramic element assembly with the second
conductor pattern of the seat portion, mechanical connection
and electrical connection of the surface mount electronic
device can be performed at the same time, so that a small,
high-performance, high-reliability multilayer ceramic elec-
tronic device can be provided.

Other features, elements, steps, characteristics and advan-
tages of the present invention will become more apparent
from the following detailed description of preferred embodi-
ments of the present invention with reference to the attached
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing the configuration of a multi-
layer ceramic electronic device according to a preferred
embodiment of the present invention.

FIG. 2A is an exploded perspective view showing a portion
of the multilayer ceramic electronic device shown in FIG. 1,
and FIG. 2B is a perspective view showing a state in which a
semiconductor element is mounted on the seat portion.

FIG. 3 is a diagram showing one step of a method for
manufacturing a multilayer ceramic electronic device accord-
ing to a preferred embodiment of the present invention.

FIG. 4 is a diagram showing another step of a method for
manufacturing a multilayer ceramic electronic device accord-
ing to a preferred embodiment of the present invention.

FIG. 5 is a diagram showing another step of a method for
manufacturing a multilayer ceramic electronic device accord-
ing to a preferred embodiment of the present invention.

FIG. 6 is a diagram showing another step of a method for
manufacturing a multilayer ceramic electronic device accord-
ing to a preferred embodiment of the present invention.

FIG. 7 is a diagram showing another step of a method for
manufacturing a multilayer ceramic electronic device accord-
ing to a preferred embodiment of the present invention.

FIG. 8 is a diagram showing another step of a method for
manufacturing a multilayer ceramic electronic device accord-
ing to a preferred embodiment of the present invention.

FIGS. 9A to 9E are diagrams showing a method for form-
ing a seat portion constituting a multilayer ceramic electronic
device according to a preferred embodiment of the present
invention.

FIG. 10 is a diagram showing a multilayer ceramic elec-
tronic device according to Comparative example 1 for the
purpose of comparing the characteristics of a multilayer
ceramic electronic device according to a preferred embodi-
ment of the present invention.

FIG. 11 is a diagram showing a multilayer ceramic elec-
tronic device according to Comparative example 2 for the
purpose of comparing the characteristics of a multilayer
ceramic electronic device according to a preferred embodi-
ment of the present invention.
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FIG. 12 is a diagram schematically showing a sample pre-
pared for the purpose of examining the impact resistance of a
multilayer ceramic electronic device produced by a method
for manufacturing a multilayer ceramic electronic device
according to an example of the preferred embodiments of the
present invention.

FIGS. 13A and 13B are diagrams showing modified
examples of the configuration of a seat portion defining a
multilayer ceramic electronic device according to preferred
embodiments of the present invention.

FIG. 14 is a diagram showing another modified example of
the configuration of a seat portion defining a multilayer
ceramic electronic device according to preferred embodi-
ments of the present invention.

FIGS. 15A and 15B are diagrams showing a modified
example of an arrangement of a surface mount electronic
device on a seat portion in a multilayer ceramic electronic
device according to preferred embodiments of the present
invention, FIG. 15A is a front sectional view, and FIG. 15B is
a plan view.

FIG. 16 is a diagram showing another modified example of
an arrangement of a surface mount electronic device on a seat
portion in a multilayer ceramic electronic device according to
preferred embodiments of the present invention.

FIG. 17 is a diagram showing another modified example of
an arrangement of a surface mount electronic device on a seat
portion in a multilayer ceramic electronic device according to
preferred embodiments of the present invention.

FIG. 18 is a diagram showing a method for mounting a
semiconductor device according to the related art.

FIG. 19 is a diagram showing the mounting structure of
another semiconductor element according to the related art.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention will be
described below with reference to the drawings.

First Preferred Embodiment

FIG. 1 is a sectional view showing the entire structure of a
multilayer ceramic electronic device according to a preferred
embodiment of the present invention.

Furthermore, FIG. 2A is an exploded perspective view
showing a portion (arrangement of a seat portion on a multi-
layer ceramic element assembly) of the multilayer ceramic
electronic device shown in FIG. 1, and FIG. 2B is a perspec-
tive view showing a state in which a semiconductor element is
mounted on the seat portion. In FIGS. 2B and 2B, only the
multilayer ceramic element assembly, the seat portion, and
the semiconductor element are shown, and the other elements
are omitted.

As shown in FIGS. 1 to 2B, a multilayer ceramic electronic
device A according to the first preferred embodiment of the
present invention includes a multilayer ceramic element
assembly 4 including first ceramic layers 1 which define
ceramic base material layers, second ceramic layers 2 which
define shrinkage restriction layers which are laminated in
contact with principal surfaces of the first ceramic layers and
which are arranged to restrict shrinkage of the ceramic base
material layers in a direction substantially perpendicular to a
thickness direction of the first and second ceramic layers 1
and 2 in a firing step, and internal in-plane conductors 3 define
conductor patterns arranged between layers of the first
ceramic layers 1 and the second ceramic layers 2.
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External conductors 5 and terminal electrodes 6 are dis-
posed on the surfaces of the multilayer ceramic element
assembly 4. Via hole conductors 7 are arranged to penetrate
the first ceramic layers 1 and/or second ceramic layers 2. The
internal in-plane conductors 3 disposed in different layers, the
internal in-plane conductor 3 and the external conductor 5, or
the internal in-plane conductor 3 and the terminal electrode 6
are electrically connected to each other with via hole conduc-
tors 7 extending therebetween.

The multilayer ceramic electronic device A is provided
with a seat portion 11 made of a material including non-
metallic inorganic powder 21 and a resin 22. That is, in this
preferred embodiment, the seat portion 11 includes an aggre-
gate of the non-metallic inorganic powder 21 that is adhered
to the first principal surface 14 with the resin 22, in a portion
of an upper surface (first principal surface) 14 of the multi-
layer ceramic element assembly 4 provided with the first and
the second ceramic layers 1 and 2 and internal in-plane con-
ductors 3. The seat portion 11 includes a seat portion via hole
conductors 17 arranged such that one end surface (upper end
surface) 17a of the seat portion via hole conductor 17 is
exposed at the upper surface side of the seat portion 11 and the
other end surface 175 is connected to the internal in-plane
conductor 3 with a via hole conductor 7 disposed in the
multilayer ceramic element assembly 4 therebetween.

In this preferred embodiment, the internal in-plane con-
ductors 3, the external conductors 5, and the via hole conduc-
tors 7, which are disposed in the multilayer ceramic element
assembly 4, define the first conductor pattern. The seat por-
tion via hole conductors 17 disposed in the seat portion define
the second conductor pattern.

The diameter of the seat portion via hole conductor 17
disposed in the seat portion 11 is preferably in the range of
about 30 um to about 120 pm, for example.

A semiconductor element 13 defining a surface mount
electronic device is disposed on the seat portion 11. The
semiconductor element 13 is electrically connected to the seat
portion via hole conductors 17 disposed in the seat portion
with solder 15 which defines an electrically conductive join-
ing member therebetween.

Furthermore, a resin layer 16 filled with a resin 22 prefer-
ably having substantially the same composition as the resin
22 used for the seat portion 11 is disposed in the gap between
the seat portion 11 and the semiconductor element 13.

In the seat portion 11 of the multilayer ceramic electronic
device A, as shown in FIGS. 2A and 2B, a resin introduction
portion 11A is provided outside a vertically projected region
R of the surface mount electronic device (semiconductor
element) 13. In this preferred embodiment, a protrusion por-
tion is provided as the resin introduction portion 11A so as to
protrude from one side of the seat portion 11 to a location
outside the vertically projected region R of the semiconductor
element 13.

The resin 22 filling the seat portion 11 is filled into the seat
portion 11 through this resin introduction portion 11A. The
resin layer 16 disposed between the seat portion 11 and the
semiconductor element 13 is also formed by filling the resin
22 from this resin introduction portion 11A.

Preferably, the thickness of the seat portion 11 is in the
range of about 15 um to about 150 um after firing, and more
preferably in the range of about 30 pm to about 100 pum, for
example.

In the multilayer ceramic electronic device A, the first
ceramic layer 1 is formed by sintering a first ceramic material
and substantially defines the substrate characteristics of the
multilayer ceramic substrate 10. Preferably, the thickness of
the first ceramic layer 1 is in the range of about 8 um to about
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100 pum after firing, for example. The thickness of the first
ceramic layer 1 is not necessarily limited to the above-de-
scribed range. However, it is preferable that the thickness is
less than or equal to the thickness at which shrinkage can be
restricted by the shrinkage restriction layer (that is, the second
ceramic layer) 2. The thicknesses of all of the first ceramic
layers 1 are not necessarily substantially the same.

As for the first ceramic material, A material, a portion of
which (for example, glass component) penetrates the second
ceramic layer 2 during firing, is used for the first ceramic
material. Preferably, the first ceramic material is LTCC (Low
Temperature Co-fired Ceramic), for example, which can be
fired at relatively low temperatures, such as about 1,050° C. or
less such that co-firing with a conductor made of a low melt-
ing point metal, e.g., silver or copper, can be performed.
Preferably, glass ceramic in which alumina and borosilicate
glass are mixed, Ba—Al—Si—B oxide ceramic which gen-
erates a glass component during firing, and other suitable
materials can be used.

When the first ceramic material includes a low-tempera-
ture-sinterable ceramic raw material powder as a primary
component, main constituent materials for the via hole con-
ductor 7, the seat portion via hole conductor 17, the internal
in-plane conductor 3, and other elements can be selected from
metals and alloys preferably including at least one type
selected from the group consisting of Ag, Au, and Cu having
excellent high-frequency characteristics as a primary compo-
nent, for example. This alloy may preferably include Pd, W,
Ni, and other suitable materials.

The second ceramic material defining the shrinkage
restriction layer (that is, second ceramic layer) 2 is adhered by
a portion of the first ceramic material (glass component)
which penetrates the second ceramic material 2 from the first
ceramic layer 1. Consequently, the first ceramic layer 1 and
the second ceramic layer 2 are bonded as the second ceramic
layer is solidified.

Alumina, zirconia, silica, and other suitable material can
preferably be used for the second ceramic material defining
the shrinkage restriction layer (second ceramic layer) 2. The
second ceramic layer 2 includes the unsintered second
ceramic material having a sintering temperature greater than
that of the first ceramic material and, therefore, the second
ceramic layer 2 provides a function of restricting shrinkage of
the first ceramic layer 1 in a direction substantially perpen-
dicular to a thickness direction of the first and second ceramic
layers 1 and 2 during a firing process. Furthermore, as
described above, the second ceramic layer 2 is adhered and
bonded to the first ceramic layer 1 by the penetration of a
portion of the first ceramic material. Therefore, preferably,
the thickness of the second ceramic layer 2 after firing is in the
range of about 1 pm to about 10 um, and further preferably
within the range of about 2 um to about 7 um, for example.

The second ceramic layer 2 may preferably include a glass
component that functions as an adhesion member of the sec-
ond ceramic layer as long as no shrinkage of the second
ceramic layer 2 occurs during firing. Preferably, the glass
component of the second ceramic layer 2 has substantially the
same composition as that of a glass component added to the
first ceramic layer 1 or a glass component generated in the
first ceramic layer 1 during firing.

In this preferred embodiment, a Ba—Al—Si—B oxide
ceramic material was used for the first ceramic layer 1, and
alumina was used as the ceramic material defining the second
ceramic layer 2. The thickness of the first ceramic layer 1 was
adjusted to be about 50 um after firing, and the thickness of
the second ceramic layer 2 was adjusted to be about 5 um after
firing.
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For the conductor portions, e.g., the internal in-plane con-
ductor 3, the external conductor 5, and the terminal electrode
6, as long as an electrically conductive component that is
co-sinterable with the first ceramic layer 1 is included as a
primary component, various known materials can preferably
beused. Specifically, Cu, Ag, Ni, Pd, and alloys thereof can be
used, for example. In this preferred embodiment, conductor
portions were formed by using a material primarily including
a Cu component (for example, an electrically conductive
paste including a Cu powder as an electrically conductive
component).

Next, a method for manufacturing the multilayer ceramic
electronic device A according to preferred embodiments of
the present invention will be described.

(1) As shown in FIG. 3, an electrically conductive paste
including a Cu powder, for example, as an electrically con-
ductive component is printed at predetermined locations of
ceramic green sheets defining the first ceramic layers 1 and
the second ceramic layers 2 and, thereby, the internal in-plane
conductors 3, the external conductors 5, the via hole conduc-
tors 7, and the like are provided.

(2) For the seat portion 11, a green sheet including a non-
metallic inorganic powder 21 (for example, a ceramic pow-
der, e.g., alumina, zirconia, or GaN), which is not sintered at
a firing temperature of the first ceramic material, as a primary
component is prepared, the green sheets being provided with
via hole conductors (seat portion via hole conductors) 17
including, for example, Ag or Cu as a primary component.

As shown in FIGS. 1 to 2B, the seat portion 11 is provided
with the resin introduction portion 11A located outside a
vertically projected region R of the semiconductor element
(surface mount electronic device) 13 mounted on the seat
portion 11.

In this preferred embodiment, a protrusion portion formed
s0 as to protrude from one side to a location outside of the
vertically projected region R of the semiconductor element 13
defines the resin introduction portion 11A of the seat portion
11.

The thickness of the seat portion 11 is set to be in the range
of'about 15 pm to about 150 um after firing.

The seat portion 11 (seat portion before firing) can be
produced by, for example, a method as described below.

As shown in FIG. 9A, a green sheet 32 including a non-
metallic inorganic powder (for example, a ceramic powder,
e.g., alumina, zirconia, or GaN), which is not sintered at a
firing temperature of the first ceramic material, as a primary
component is formed on a carrier film 31. Thereafter, as
shown in FIG. 9B, for example, through holes 33 for via hole
conductors are formed at locations of the green sheet 32 by a
laser beam machining method, for example. In this preferred
embodiment of the present invention, a green sheet primarily
including alumina was used as the green sheet for the seat
portion.

As shown in FIG. 9C, the through holes 33 are filled with an
electrically conductive paste 34.

If'the state shown in FIG. 9C is maintained, the electrically
conductive paste 34 filled in the individual through holes 33
may short-circuit. Therefore, as shown in FIG. 9D, a surface
of'the green sheet 32 is ground with an abrasive roll 35 so as
to remove the electrically conductive paste 34 covering the
surface and a portion of the green sheet 32 on the upper
surface side and, in addition, to flatten the upper surface. In
this manner, as shown in FIG. 9E, the seat portion (unfired
seat portion) 11 has a substantially flat upper surface, is not
likely to short circuit, and includes via hole conductors (seat
portion via hole conductors 17) having a narrow pitch.
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The unfired seat portion 11 is disposed on a first principal
surface 14 of the unfired multilayer ceramic element assem-
bly 4 such that the upper surface shown in FIG. 9E is bonded
to the first principal surface 14 of the multilayer ceramic
element assembly 4, and the carrier film 31 (FIG. 9E) is
removed, so that a state in which the seat portion 11 is dis-
posed at the predetermined location of the unfired multilayer
ceramic element assembly 4 is achieved.

Alternatively, a lower surface of the unfired seat portion 11
(the side of the carrier film 31) may be bonded to the first
principal surface 14 of the multilayer ceramic element assem-
bly 4. For example, although not specifically shown in FIGS.
9A to 9E, it is also possible to use a configuration in which the
unfired seat portion 11 is disposed on a holding table with the
surface not provided with the carrier film 31 facing the table,
the carrier film 31 is removed and, thereafter, the unfired
multilayer ceramic element assembly 4 is formed on the
surface of the unfired seat portion 11 from which the carrier
film 31 has been removed.

A ceramic green sheet made from substantially the same
ceramic material as the ceramic material defining the second
ceramic layer can also be used as a green sheet to form the seat
portion.

It is also possible to use various ceramic green sheets
having compositions that are different from the ceramic mate-
rial defining the second ceramic layer.

(3) The ceramic green sheets and the seat portion obtained
in the steps (1) and (2) are laminated and press-bonded in a
predetermined order and direction, as shown in FIG. 4, so that
a seat-portion-equipped green sheet compact (unfired seat-
portion-equipped multilayer ceramic element assembly) 4a is
formed.

(4) The unfired seat-portion-equipped multilayer ceramic
element assembly 4a (refer to FIG. 4) is fired at a predeter-
mined temperature and a predetermined atmosphere and,
thereby, the multilayer ceramic substrate 10 provided with the
seat portion 11 on the upper surface (first principal surface) 14
of the multilayer ceramic element assembly 4 is obtained
(refer to FIG. 5). In this state, the seat portion 11 is a porous
compact in which ceramic particles are aggregated.

At this time, the multilayer ceramic element assembly 4 is
fired at a temperature at which the first ceramic material
defining the multilayer ceramic element assembly 4 is sin-
tered and the second ceramic material defining the multilayer
ceramic element assembly 4 is not sintered. Consequently,
when the first ceramic layer 1 made of the first ceramic
material is going to shrink, the second ceramic layer 2 that
functions as a shrinkage restriction layer, which is made of the
second ceramic material, performs the function of restricting
the shrinkage of the first ceramic layer 1. In this manner, the
multilayer ceramic substrate 10 having high dimensional
accuracy can be produced. When firing is conducted by the
method described above, the multilayer ceramic element
assembly 4 can be fired so as to shrink in a thickness direction
(shrink from about 45% to about 65% of the thickness in the
unfired state) but to not substantially shrink in a plane direc-
tion substantially perpendicular to the thickness direction.

The firing atmosphere is adjusted appropriately in accor-
dance with the type of the first ceramic material, the type of
electrically conductive powder included in the electrically
conductive paste film, and other factors. In the present pre-
ferred embodiment, the firing was performed substantially in
a reducing atmosphere at a maximum firing temperature of
about 950° C. to about 1,000° C.

(5) The resulting multilayer ceramic substrate 10 is sub-
jected to a surface treatment, as required, and thereafter, the
surface mount electronic devices are mounted.
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Various surface mount electronic devices can be mounted
in accordance with the circuit to be formed. Specific
examples include active elements e.g., transistors, ICs, and
LSIs, and passive elements, e.g., chip capacitors, chip resis-
tances, chip thermistors, and chip inductors.

In this preferred embodiment, in particular, semiconductor
elements, e.g., ICs and LSIs, are preferably mounted.

(5-1) As shown in FIG. 6, a solder paste 15aq is applied to
the upper end surfaces 17a of the seat portion via hole con-
ductors 17. The application method is not specifically limited,
and various known methods, e.g., printing, dipping, and dis-
pensing, can preferably be used.

At this time, the solder paste 15aq is also applied to external
conductors 5 which are disposed on regions not provided with
the seat portion 11 in the first principal surface 14 of the
multilayer ceramic element assembly 4 and which are pro-
vided to mount the other surface mount electronic devices
(e.g., monolithic ceramic capacitor and other suitable elec-
tronic devices) 23.

(5-2) Thereafter, as shown in FIG. 7, the semiconductor
element 13 is mounted on the solder paste 15a, and the other
surface mount electronic devices 23 are mounted on regions
not provided with the seat portion 11 in the upper surface 14
of the multilayer ceramic element assembly 4. The solder
paste 15q is melted and solidified in a reflow furnace set to
have a predetermined temperature profile, so that the semi-
conductor element 13 is bonded to the upper end surfaces 17a
of'the seat portion via hole conductors 17 and, in addition, the
other surface mount electronic devices 23 are connected to
the external conductors 5 disposed in regions surrounding the
region provided with the seat portion 11 in the first principal
surface 14 of the multilayer ceramic element assembly 4.

(5-3) As shown in FIG. 8, the resin 22 is injected between
the semiconductor element 13 and the seat portion 11, so that
the resin layer 16 is formed between the semiconductor ele-
ment 13 and the seat portion 11 and, in addition, the resin 22
penetrates up to the lower surface side of the porous ceramic
compact defining the seat portion 11.

The injection of the resin 22 is performed by supplying the
resin 22 from a resin supply nozzle 24 to the resin introduc-
tion portion 11 A of the seat portion 11. At this time, since the
resin introduction portion 11A is located outside the verti-
cally projected region R of the semiconductor element 13
mounted on the seat portion 11, the resin 22 is allowed to
penetrate throughout the porous ceramic compact until it
reaches the lower surface side and, in addition, the resin 22 is
filled between the semiconductor element 13 and the seat
portion 11, so that the resin layer 16 can be formed merely by
supplying the resin 22 to the resin introduction portion 11A
from above.

The resin 22 selectively penetrates and infiltrates into the
porous seat portion 11 and between the semiconductor ele-
ment 13 and the seat portion 11 through capillary effect.
Therefore, the resin 22 does not substantially leak to the other
regions after filling.

Subsequently, the resin 22 is heat-cured so as to adhere the
seat portion 11 to the first principal surface 14 of the multi-
layer ceramic element assembly 4 with the resin 22. Regard-
ing the resin used in this preferred embodiment, about 65
percent by weight of silica filler was included and the remain-
der was a mixture of an epoxy resin and a solvent, for
example.

The amounts of the epoxy resin and the solvent may be
changed in accordance with the thickness of the seat portion.

In this manner, the multilayer ceramic electronic device A
is formed, wherein the semiconductor element 13 is mounted
on the seat portion 11 such that the aggregate of the non-
metallic inorganic powder 21 is adhered to a portion of the
first principal surface region 14 of the multilayer ceramic
element assembly 4 with the resin 22.
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In the multilayer ceramic electronic device A, the seat
portion 11 is provided with the resin introduction portion 11A
located outside the vertically projected region R of the semi-
conductor element 13 mounted on the seat portion 11. There-
fore, the resin 22 penetrates until it reaches the lower surface
side of the porous ceramic compact defining the seat portion
11, and, in addition, the resin layer 16 can be formed between
the semiconductor element 13 and the seat portion 11 merely
by supplying the resin 22 to the resin introduction portion
11A from above without requiring a complicated resin supply
mechanism.

The seat portion 11 is preferably made of the aggregate of
the ceramic powder, the silica filler, and the resin adhering
these inorganic components to each other, and the resin layer
16 including the dispersed silica filler is formed between the
seat portion 11 and the semiconductor element 13.

Therefore, the semiconductor element 13 is mechanically
connected and fixed to the multilayer ceramic element assem-
bly 4 (multilayer ceramic substrate 10) with the seat portion
11 therebetween by the resin layer 16. In addition, the semi-
conductor element 13 is mechanically and electrically con-
nected to the multilayer ceramic element assembly 4 (multi-
layer ceramic substrate 10) reliably with the seat portion via
hole conductors 17 and the solder 15 arranged therebetween.
Consequently, the highly reliable multilayer ceramic elec-
tronic device A that has outstanding impact resistance, that is
compatible for miniaturization, and that has outstanding
dimensional accuracy can be obtained.

Furthermore, the seat portion 11 is provided with the resin
introduction portion 11A located outside the vertically pro-
jected region R of the semiconductor element 13 mounted on
the seat portion 11. Therefore, the resin 22 can penetrate until
it reaches the lower surface side of the porous ceramic com-
pact defining the seat portion 11, and, in addition, the resin
layer can be formed between the semiconductor element 13
and the seat portion 11 merely by supplying theresin 22 to the
resin introduction portion 11A from above without a compli-
cated resin supply mechanism. Consequently, the multilayer
ceramic electronic device A in which the seat portion 11 is
reliably adhered to the multilayer ceramic element assembly
4 and the semiconductor element 13 is securely bonded to and
mounted on the seat portion 11 can be efficiently produced.
Characteristics Evaluation 1: Characteristics Evaluation with
Respect to Leakage of Resin

For the multilayer ceramic electronic device including the
seat portion 11 provided with the resin introduction portion
11A as in the first preferred embodiment of the present inven-
tion, a state of leakage of the resin 22 (resin layer 16) filled in
the seat portion 11 and between the seat portion 11 and the
semiconductor element 13 was examined.

For the purposes of comparison, multilayer ceramic elec-
tronic devices of comparative examples were prepared as
described below. For these multilayer ceramic electronic
devices (Comparative Example 1 and Comparative Example
2), a state of leakage of the resin 22 (resin layer 16) filled in
the seat portion 11 and between the seat portion 11 and the
semiconductor element 13 was examined.

For Comparative Example 1, a multilayer ceramic elec-
tronic device Al was prepared having a configuration, as
shown in FIG. 10, in which solder balls 25 disposed on the
semiconductor element 13 were melt-bonded to the surface of
via hole conductors 7 exposed at the multilayer ceramic ele-
ment assembly 4, the resin layer 16 defining an impact relax-
ation layer and a bonding layer was formed by filling the
thermosetting resin 22 (substantially the same resin as the
resin 22 used in the multilayer ceramic electronic device A)
between the multilayer ceramic element assembly 4 and the
semiconductor element 13 in order to improve the impact
resistance, and the seat portion included in the multilayer
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ceramic electronic device A according to the first preferred
embodiment of the present invention is not provided.

For Comparative Example 2, a multilayer ceramic elec-
tronic device A2 was prepared having a configuration, as
shown in FIG. 11, in which a resin introduction portion was
not provided, the seat portion 11 was provided while the
entire seat portion 11 was located within the vertically pro-
jected region R of the semiconductor element 13 mounted
thereon, the resin 22 was filled in the seat portion 11 and
between the seat portion 11 and the semiconductor element
13, and the resin layer 16 defining an impact relaxation layer
and a bonding layer was formed.

In each of the multilayer ceramic electronic devices A
according to the first preferred embodiment of the present
invention and multilayer ceramic electronic devices Al and
A2 of the Comparative Examples 1 and 2, the mounting
height of the semiconductor element 13 (solder height of the
lower portion of the semiconductor element 13 after mount-
ing) was specified to be about 60 pm.

In the multilayer ceramic electronic device A according to
the first preferred embodiment of the present invention and
the multilayer ceramic electronic device A2 of the Compara-
tive Example 2, the perimeter edge portion of the seat portion
11 located within the vertically projected region R of the
semiconductor element 13 was located about 100 pm inside
the perimeter edge portion of the semiconductor element 13.

In the multilayer ceramic electronic device A according to
the first preferred embodiment of the present invention, the
protrusion distance X (refer to FIG. 2A) of the resin introduc-
tion portion 11A, which was located outside the vertically
projected region R of the semiconductor element 13, of the
seat portion 11 from the side on which the resin introduction
portion 11A was formed, was set at about 1 mm.

Injection of the resin was performed using a resin supply
nozzle having a diameter of about 0.5 mm, and the resin 22
was supplied from the upper surface of the resin introduction
portion 11A of the seat portion 11.

In Comparative Example 1, the resin 22 was injected into
the gap between the multilayer ceramic element assembly 4
and the semiconductor element 13 from the location at a
distance of about 0.5 mm from the side surface of the semi-
conductor element 13, so as to form the resin layer 16 between
the multilayer ceramic element assembly 4 and the semicon-
ductor element 13.

In Comparative Example 2, the resin 22 was supplied to the
side surface of the seat portion 11 from the location at a
distance of about 0.5 mm from the side surface of the semi-
conductor element 13, so as to fill the seat portion 11 with the
resin 22.

In each of the multilayer ceramic electronic devices A, Al,
and A2, the leakage length of the resin 22 from the edge
portion of the semiconductor element 13 was measured.

As aresult, in the multilayer ceramic electronic device Al,
about 400 um of leakage length of the resin 22 was measured,
and in the multilayer ceramic electronic device A2, about 500
um of leakage length was measured. Variations in leakage
states thereof were significant, and it was determined that
large design margins were required although statistical pre-
dictions were possible.

On the other hand, in the multilayer ceramic electronic
device A, it was determined that there was substantially no
leakage of the resin 22 from any location of the seat portion 11
and on three sides of the seat portion 11 at which the resin
introduction portion 11A was not disposed, the resin 22 was
retained inside the vertically projected region R of the semi-
conductor element 13.

Furthermore, it was determined that although the resin
introduction portion 11A itself extended outside the verti-
cally projected region R ofthe semiconductor element 13, the
resin did not leak outside of the resin introduction portion
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11A, and only consideration of the design margin of the resin
introduction portion 11A was required. Therefore, the appli-
cation region of the resin was easily predicted.

As described above, the injection resin included about 65
percent by weight of silica filler and the remainder was an
organic mixture of an epoxy resin, a solvent, and other suit-
able components. However, when a resin including 30 per-
cent by weight of silica filler and the remainder including an
organic mixture of an acrylic resin, a solvent, and other suit-
able components was used, no leakage of the resin was
observed.

In preferred embodiments of the present invention, the type
and the composition of the resin is not specifically limited,
and other types of resins and fillers can be used. The blend
ratio thereof can be determined based on the production con-
dition and other factors.

Characteristics Evaluation 2: Evaluation of Impact Resis-
tance

As shown in FIG. 12, the multilayer ceramic electronic
device A produced as described above was mounted on a
printed circuit board 40 having a thickness of about 1.0 mm
through reflow soldering. Thereafter, the multilayer ceramic
electronic device A mounted on the printed circuit board 40
was disposed in a substantially rectangular parallelepiped
case 41 such that the multilayer ceramic electronic device A
was located on the lower surface side. Accordingly, a sample
having a configuration in which the multilayer ceramic elec-
tronic device A was disposed in the resin casing 41 was
prepared.

The sample was adjusted such that a total weight of the
multilayer ceramic electronic device A, the printed circuit
board 40, and the resin casing 41 was about 100 g.

The diameter of the seat portion via hole conductor 17
defining the multilayer ceramic substrate 10 was set to about
100 pm.

The resulting sample was held at a predetermined height,
and was dropped 10 times while the lower surface of the resin
casing 41 in a substantially horizontal arrangement collided
with a concrete block having an upper surface thereof that
extends substantially in a horizontal direction. Thereafter, the
state of breakage of the connection portion of the semicon-
ductor element 13 and the multilayer ceramic substrate 10
was examined.

The drop height was increased stepwise by about 0.10 m
from about 0.50 m, and the impact resistance was evaluated,
where the drop height at which breakage occurred was
denoted as a height of breakage occurrence. The results
thereof are shown in Table 1.

TABLE 1
Solder height  Solder height

Height of of lower

breakage side of seat Leakage of  Impact
Sample No. occurrence (m) portion (um) resin resistance
1 1.50 60 no leakage  good
(Example)
2 0.8 60 leakage poor
(Comparative
Example 1)
3 1.50 60 no leakage  good
(Comparative
Example 2)

For the purposes of comparison, Comparative Examples
were prepared by mounting the above-described multilayer
ceramic electronic devices Al and A2 of Comparative
examples 1 and 2 shown in FIG. 10 and FIG. 11 on printed
circuit boards, followed by disposing them in resin casings,
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and the impact resistance was evaluated as in the above-
described first preferred embodiment of the present inven-
tion.

As a result, it was determined that breakage in the multi-
layer ceramic electronic device A according to the first pre-
ferred embodiment of the present invention did not occur
until the drop height reached about 1.5 m, and, therefore,
outstanding impact resistance was ensured.

Regarding Comparative Example 2, the impact resistance
is ensured, but as described above, leakage of the resin is
observed. Therefore, in order to meet high-density mounting
requirements, it is necessary to use complicated filling equip-
ment to fill the resin or to design a specific filling method.

On the other hand, regarding Comparative Example 1
which does not include the seat portion 11, it was determined
that breakage occurred when the drop height reached about
0.8 m and, therefore, the impact resistance was unsatisfactory.

In the first preferred embodiment of the present invention,
the multilayer ceramic electronic device A in which the resin
introduction portion 11A was formed on only one side of the
seat portion 11 has been described as an example. However,
as shown in FIG. 13A, another preferred embodiment of the
present invention includes resin introduction portions 11A
provided on a plurality of sides of the seat portion 11. Fur-
thermore, as shown in FIG. 13B, another preferred embodi-
ment of the present invention includes a plurality of resin
introduction portions 11A provided on one side. Alterna-
tively, the resin introduction portion may be disposed at one
or more corner portions.

Where no problem is caused by the extension of the seat
portion to the surroundings of the vertically projected region
R of the surface mount electronic device, e.g., the semicon-
ductor element, as shown in FIG. 14, the two-dimensional
area of the seat portion 11 may preferably be increased, the
perimeter portion of the seat portion 11 may preferably
extend outside the vertically projected region R of the surface
mount electronic device 13, and the extended portion of the
seat portion 11 may preferably define the resin introduction
portion 11A. With this arrangement, substantially the same
advantages that are obtained by the first preferred embodi-
ment of the present invention are obtained.

In preferred embodiments of the present invention, the
shape and the configuration of the resin introduction portion
of the seat portion are not specifically limited, and various
shapes and arrangements can be used within the bounds of not
impairing the operation of preferred embodiments of the
present invention.

In the first preferred embodiment of the present invention,
the two-dimensional shape of the seat portion 11 except the
resin introduction portion 11A is substantially rectangular.
However, the shape of the seat portion 11 is not limited to
being substantially rectangular and other shapes, such as sub-
stantially triangular, substantially polygonal (having five or
more sides), substantially circular, or other various shapes
may be used.

Furthermore, in the first preferred embodiment of the
present invention, one semiconductor element is mounted on
one seat portion. However, a plurality of semiconductor ele-
ments may preferably be disposed on one seat portion.

FIGS. 15A and 15B are diagrams showing an arrangement
in which two semiconductor elements (surface mount elec-
tronic devices) 13 are disposed on one seat portion 11. In this
preferred embodiment, a portion of the seat portion 11 is
exposed between the two semiconductor elements 13, the
portion defines the resin introduction portion 11A, the resin
22 is supplied to this one resin introduction portion 11A and,
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thereby, the resin 22 is filled into the seat portion 11 and the
gaps between the seat portion 11 and the two semiconductor
elements 13.

FIG. 16 shows a configuration in which three semiconduc-
tor elements (surface mount electronic devices) 13 are
mounted on one seat portion 11. FIG. 17 shows a configura-
tion in which four semiconductor elements (surface mount
electronic devices) 13 are mounted on one seat portion 11. In
the configurations shown in FIG. 16 and FIG. 17, a predeter-
mined region of the seat portion 11 defines the resin introduc-
tion portion 11A, the resin is supplied therefrom and, thereby,
the resin 22 can be filled into the seat portion 11 and the gaps
between the seat portion 11 and the plurality of semiconduc-
tor elements 13. However, it is possible to use a configuration
in which a plurality of resin introduction portions are pro-
vided.

In the first preferred embodiment of the present invention,
the method in which the seat portion via hole conductors 17
and the semiconductor element 13 are electrically connected
using a solder paste has been described. However, it is also
possible to use a configuration in which solder balls are pro-
vided instead of the solder paste on the semiconductor ele-
ment 13 in advance, and the seat portion via hole conductors
17 and the semiconductor element 13 are bonded by melting
the solder balls.

The present invention is not limited to the above-described
first preferred embodiment of the present invention. The types
of'the non-metallic inorganic powder defining the seat portion
and the resin, the arrangement, the dimensions, and the types
of the materials used for the via hole conductors disposed in
the seat portion, the constituent materials and the composi-
tions of the ceramic base material layer and the shrinkage
restriction layer, the types of the surface mount electronic
device mounted on the seat portion, and other features of the
present invention are not particularly limited, and various
applications and modifications can be made within the scope
of the present invention.

According to preferred embodiments of the present inven-
tion, a seat portion, on which a surface mount electronic
device, e.g., a semiconductor element, is mounted, is adhered
to a multilayer ceramic element assembly reliably, and a
highly reliable multilayer ceramic electronic device that has
outstanding impact resistance, that can be miniaturized, and
that has outstanding dimensional accuracy can be efficiently
produced.

Therefore, preferred embodiments of the present invention
can be widely applied to multilayer ceramic electronic
devices in which semiconductor elements and other surface
mount electronic devices are mounted on multilayer ceramic
substrates and a field of production thereof.

While preferred embodiments of the present invention
have been described above, it is to be understood that varia-
tions and modifications will be apparent to those skilled in the
art without departing the scope and spirit of the present inven-
tion. The scope of the present invention, therefore, is to be
determined solely by the following claims.

What is claimed is:

1. A multilayer ceramic electronic device in which a sur-
face mount electronic device is mounted on a first principal
surface of a multilayer ceramic element assembly, the multi-
layer ceramic electronic device comprising:

a multilayer ceramic element assembly including lami-
nated ceramic base material layers and a predetermined
first conductor pattern;

a seat portion arranged to mount the surface mount elec-
tronic device, the seat portion being disposed in at least
a portion of the first principal surface of the multilayer
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ceramic element assembly, including a non-metallic
inorganic powder as a primary component, a second
conductor pattern connected to the surface mount elec-
tronic device, and a resin introduction portion located
outside a vertically projected region of the surface
mount electronic device; wherein

the surface mount electronic device is mounted on the seat
portion with the second conductor pattern extending
therebetween;

a resin is filled in at least the seat portion including the
non-metallic inorganic powder as the primary compo-
nent;

the seat portion is defined by a porous ceramic compact
including pores;

the resin is provided in the pores of the porous ceramic
compact; and

the seat portion is disposed on and in direct contact with the
first principal surface of the multilayer ceramic element
assembly.
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2. The multilayer ceramic electronic device according to
claim 1, wherein resins having substantially the same com-
position are filled in the seat portion including the non-me-
tallic inorganic powder as a primary component and between
the seat portion and the surface mount electronic device, the
resins being filled through the resin introduction portion.

3. The multilayer ceramic electronic device according to
claim 1, wherein the surface mount electronic device is elec-
trically connected to the first conductor pattern of the multi-
layer ceramic element assembly with the second conductor
pattern of the seat portion being disposed therebetween.

4. The multilayer ceramic electronic device according to
claim 2, wherein the resin that is filled in the seat portion and
the resin that is filled between the seat portion and the surface
mount electronic device are integrally provided.



